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The variability for trace inorganics over time has also been
considered in some detail in the Water Factory 21 study by McCarty et
al. (1980), in terms of both variability in influent concentration
and removal efficiency. The results of that study (for eight heavy
metals) are shown in Figure 3-1. The results are plotted as log
distributions, which are often encountered and which were found to be
a useful way to consider the variabilities over time. However,
confidence limits or uncertainties are associated with the log normal
distribution lines.  Parallel distributions for the influent and
effluent concentrations are consistent with the fractional removal
and are independent of concentration; however, the lines for the
metals typically are not parallel.

The results for these elements and a few others are shown in
Table 3-7, which presents not only the average percent removals but
also the 95% confidence interval for the average. The interval can
be quite great for some elements, such as copper, lead, and silver.
This scale offers a conservative way to predict average maximum
concentrations in the effluent, based on the minimum average per-
centage of removal.  Thus for cadmium, 47% average removal should be
used rather than the 84% (the two extremes of the 95% confidence
band).

Clearly many variabilities are encountered in effluents from
secondary and advanced waste treatment processes, and it is difficult
to predict removals ji priori for a given treatment system. Thus, as
in the Water Factory 21 study, it may be necessary to evaluate the
full range of variabilities over an extended period.

Radionuclides

As a result of discharges, radionuclides can appear in increased
concentrations in treated wastewater, as compared to their presence
in potable water at first use. Regulated events include discharges
of the radiochemicals used in research and then discharged into
municipal water systems; unregulated discharges are typified by the
substantial and largely unknown amounts of radioisotopes given to
patients for medical diagnostic and therapeutic purposes and then
discharged into sewers. At one large sewage treatment plant, such
medical radioactive wastes were shown to contribute concentrations of
iodine-131 and technetium-99m amounting to a total activity of 13 to
15 pCi/liter in the treated effluent (Moss, 1973).

Wastewater treatment processes can be expected to remove radio-
nuclides at least partially (Environmental Protection Agency, 1977).
This study noted that RO removed more than 99% of the radioactivity
from a low-level radioactive laundry waste. Because many of the
manmade and natural radionuclides in sewage are likely to exist in a
simple inorganic ion form in domestic sewage, some of the wastewater
processes that remove inorganic ions should be effective for them as
well, including RO and ion exchange. Nevertheless, because concentra-
tions could build up to potentially harmful levels in treated waste-
waters, radioactivity should be monitored in such systems.

Monitoring requirements and maximum contaminant levels (MCL's)
are specified in the U.S. National Interim Primary Drinking Water